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PRELIMINARY STUDY COMPARING PARENT AND CHILD FUNCTIONING 
BY INTERVENTION FOR ADOLESCENT IDIOPATHIC SCOLIOSIS 
AQUINA ANNE WIHAK 
ABSTRACT 
 
Objective: The purpose of this study is to assess whether there are significant differences 
between pre-surgical and bracing patients with Adolescent Idiopathic Scoliosis (AIS) in 
parent and child functioning including pre-operative pain, pre-operative anxiety, parent 
pain catastrophizing, and parent protectiveness over child’s pain symptoms. 
 
Methods: Eligible patients were recruited from the Boston Children’s Hospital 
Orthopedics Department. Retrospective chart reviews were conducted to identify patients 
aged ten through seventeen with AIS who were recommended for brace treatment or 
spinal fusion surgery. The study included thirty-five participants and their parents, 
seventeen pre-surgical participants and eighteen bracing participants. REDcap 
questionnaires were sent to parents and their children to fill out. The questionnaires 
included the following measures of interest for this study: Adult Responses to Children’s 
Symptoms (ARCS), the Pain Catastrophizing Scale (PCS), the Multidimensional Anxiety 
Scale for Children (MASC), and the Numeric Rating Scale (NRS) for pain. One-way 
ANOVAs were used to determine if there were statistically significant differences 
between the two groups on the following variables: age and sex of the child, sex of the 
	  	   vii	  
parent, race and ethnicity of the parent and child, degree of curvature of the spine (Cobb 
angle), and on the above mentioned parent and child measures.   
 
Results: The group demographics were representative of the typical AIS population. 
Significant differences in age, Cobb angle, and sex of the child were determined between 
groups and represent potential confounding factors. There was a significant difference 
between groups for PCS magnification and a trend towards significance for PCS 
helplessness and the total PCS score. Other measure differences were statistically 
insignificant. 
 
Conclusions: Potential differences in parent and child measures were assessed to 
investigate parent and child functioning in the context of two medical interventions used 
to treat AIS. Bracing treatment and spinal fusion surgery were chosen with the intent to 
determine if the severity of an intervention has adverse effects on parent and child 
functioning. It is important to consider these results in a preliminary context due to the 
small sample size. Nonetheless, the results suggest that pre-surgical patients and their 
families are affected differently by the additional stressors and life-altering factors that 
come with spinal fusion surgery. There seems to be greater emphasis placed on their 
child’s pain as well as a sense of helplessness. Both factors may have adverse effects on 
their child’s ability to cope with the stress of surgery, which may also translate into a 
more difficult recovery period.  
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INTRODUCTION 
 
Adolescent idiopathic scoliosis (AIS): 
AIS is characterized by an abnormal side-to-side “C” or “S” shaped curve of the 
spine greater than ten degrees (“Idiopathic scoliosis | Boston Children’s Hospital,” n.d.). 
The spine may also be rotated causing rib misalignment (“Idiopathic scoliosis | Boston 
Children’s Hospital,” n.d.). Scoliosis is divided into two main categories: idiopathic and 
non-idiopathic. Non-idiopathic cases include neuromuscular scoliosis, congenital 
scoliosis, and mesenchymal scoliosis (Konieczny, Senyurt, & Krauspe, 2013). Idiopathic 
scoliosis has no known cause and makes up eighty-four to eighty-nine percent of cases 
(Schlösser, van der Heijden, Versteeg, & Castelein, 2014). Idiopathic scoliosis is divided 
into three categories by age: infantile, juvenile, and adolescent. Infantile scoliosis is 
atypical in that it is very rare, affects boys more than girls, can resolve on its own or 
become very serious quickly. It occurs from birth to three years of age and represents five 
percent of cases (“Idiopathic scoliosis | Boston Children’s Hospital,” n.d.). Juvenile 
scoliosis affects individuals age three through nine, is progressive, and represents ten 
percent of cases. Adolescent is the most common type and is the subject of this study. It 
affects individuals ages ten through eighteen and usually stops progressing once the 
skeleton has matured (“Idiopathic scoliosis | Boston Children’s Hospital,” n.d.). 
Oftentimes, intervention is not even needed.  
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Although there is no direct cause of AIS, scientists have identified common 
subtleties among affected individuals, which could provide clues to causation. These 
include abnormal gait control and decreased bone mineral density (Schlösser et al., 
2014). There is even stronger evidence for a genetic etiology. Genetics seem to play a 
role in the progression of scoliosis. Children whose parents both have scoliosis are fifty 
times more likely to develop it themselves, however the genetic mechanism is not yet 
clear (Horne, Flannery, & Usman, 2014).  
Mild scoliosis may go unnoticed into adulthood whereas severe scoliosis, if 
untreated, can cause serious complications including a disruption of lung function 
(“Idiopathic scoliosis | Boston Children’s Hospital,” n.d.). Symptoms of scoliosis include 
uneven posture, in particular uneven hips, shoulders, protruding shoulder blades, and an 
uneven back when bent over (“Idiopathic scoliosis | Boston Children’s Hospital,” n.d.).  
AIS presents eight times more often in girls then boys, usually in pre-adolescent 
and adolescent years (“Idiopathic scoliosis | Boston Children’s Hospital,” n.d.). Official 
diagnosis of AIS can only be made once the Cobb angle is determined, which measures 
the angle of spinal deformity (Horne et al., 2014). The prevalence of AIS also increases 
in girls compared to boys as the Cobb angle increases. There is a 1.4:1 prevalence ratio at 
eleven to twenty degrees compared to a 7.2:1 ration at angles greater than forty degrees 
(Konieczny et al., 2013). The extent of curve progression depends on the size of the curve 
at diagnosis, the age and sex of the patient, and the speed at which the patient is growing 
(Olgun & Yazici, 2013). Three to five out of one thousand children have curves large 
enough to require treatment, which include bracing to prevent the curve from progressing 
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and spinal fusion surgery to correct a seriously progressed curve (“Idiopathic 
scoliosis | Boston Children’s Hospital,” n.d.).  
 
Figure 1. Normal spine and spine with scoliosis. Figure taken from ((“Idiopathic 
scoliosis | Boston Children’s Hospital,” n.d.). 
 
AIS detection, diagnosis, and progression:  
Scoliosis is often screened for in middle school. The first measure to test for 
scoliosis is the Adam’s forward bend test (Horne et al., 2014). The physician or nurse 
looks for asymmetry in the back, usually noted by a rib hump, which is caused by the 
abnormal rotation of the vertebra (Horne et al., 2014). The examiner can then use a 
scoliometer to measure the inclination angle. If the angle is larger than ten, the individual 
should have radiologic evaluation in order to measure the Cobb angle (Horne et al., 
2014). 
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Figure 2. Cobb angle measurement from radiograph. Tangential lines drawn from 
top and bottom vertebrae that encompass curve. The Cobb angle is measures between the 
intersection of these two lines. Figure taken from (Horne et al., 2014). 
 
Monitoring growth and consequent curve progression is crucial in determining the 
appropriate treatment for AIS (Dimeglio & Canavese, 2013). Puberty marks the 
beginning of drastic developmental changes and growth in boys and girls. On average, it 
begins at eleven years old in girls and thirteen years old in boys (Dimeglio & Canavese, 
2013).  During the acceleration phase of normal growth, which lasts about two years, 
girls grow greater than six centimeters per year and boys greater than seven centimeters 
per year (Dimeglio & Canavese, 2013). During the deceleration phase of normal growth, 
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which lasts three years, girls grow another five and a half centimeters and boys grow 
another six centimeters on average (Dimeglio & Canavese, 2013). In girls, peak height 
velocity, the maximum rate of growth, occurs about six months before menarche and is 
when AIS has the greatest risk of progression (Yaman & Dalbayrak, 2014). 
 
Table 1. Cobb angle and risk of curve progression during peak height velocity. 
Information gathered from (Dimeglio & Canavese, 2013). 
 
Cobb angle (degrees) Risk of curve progression (percent) 
5 10 
10 20 
20 30 
30 100 
 
Parameters to monitor include Cobb angle, sitting height, weight, and bone age. 
Sitting height gives the surgeon a better indication of how the curve is responding to 
spinal growth (Dimeglio & Canavese, 2013). Standing height takes into consideration leg 
growth, which is less relevant in AIS. The Risser scale classifies bone age based on the 
amount of ossification of the iliac apohysisis, an area of bone growth along the hip bone 
(Dimeglio & Canavese, 2013). There are six categories. Risser 0 denotes the acceleration 
growth phase and Risser I though V denotes the deceleration growth phase. The lower the 
Risser score, the greater the risk of progression (Dimeglio & Canavese, 2013).      
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Treatment options for AIS: 
Ten percent of AIS patients require some form of bracing or surgical intervention 
(Schlösser et al., 2014). Determining treatment for AIS is complicated and controversial. 
However, it is generally accepted that patients who have higher Cobb angles and low 
Riser scores are at a greater risk for curve progression and should be treated with a brace 
or in advanced cases, surgery (Horne et al., 2014).  
There are a variety of treatment options for scoliosis. They depend on the type of 
scoliosis, the age of the child, and the severity of the curve. All curves require regular 
monitoring (“Idiopathic scoliosis | Boston Children’s Hospital,” n.d.). Physical therapy is 
used to address muscle imbalances that contribute to spine curvature. There are also a 
number of orthopedic surgeries that can be preformed to correct the spine. This is 
generally used after all other options are exhausted, as spine surgery is invasive and has 
additional risks (“Idiopathic scoliosis | Boston Children’s Hospital,” n.d.). This thesis will 
focus on two types of interventions used to treat AIS: bracing and spinal fusion surgery. 
Curves less than twenty-five degrees are monitored regularly.  For curves between 
twenty-five and forty-five degrees or for curves that progress rapidly to thirty degrees, 
doctors recommend wearing a brace that helps correct the curve and prevent it from 
getting worse. When curves are greater than forty degrees, spinal fusion surgery is 
recommended. This involves surgically straightening the curved part of the spine by 
adding bone chips to the vertebra and allowing them to fuse together to form a healed 
mass. This is accomplished with the help of metal rods and screws, which hold the spine 
together while the bone heals (“Idiopathic scoliosis | Boston Children’s Hospital,” n.d.). 
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Bracing: 
Bracing is the most common intervention used to treat scoliosis in a developing 
adolescent (Zaina et al., 2014). Although still debated, there is strong evidence that 
compliant bracing will prevent the need for surgery in the future (Zaina et al., 2014). 
Patients are asked to wear their brace on either a full-time basis of more than eighteen to 
twenty hours a day, a part-time basis of ten to eighteen hours per day, or at nighttime for 
around ten hours (Zaina et al., 2014). For curves less than thirty five degrees, part-time 
bracing is effective (Yaman & Dalbayrak, 2014). For curves greater than thirty-five 
degrees, the brace should be worn full time in order to be effective (Yaman & Dalbayrak, 
2014). Ideally, patients wear their brace as prescribed and continue to wear it until they 
stop growing. 
There are many bracing options available worldwide. However, in the United 
States, the Boston Brace is the most commonly used brace to treat moderate AIS (Zaina 
et al., 2014). Other popular options include the Milwaukee, Wilminton, and Spine-Cor 
braces (Yaman & Dalbayrak, 2014). John Hall, MD, and William Miller, CO designed 
the Boston brace at the Boston Children’s Hospital in 1972 (Zaina et al., 2014). The 
original intent of the brace was to provide an alternative treatment for a patient who 
refused to wear the more cumbersome Milwaukee brace that extends all the way to the 
neck. The Boston brace opens from the back, extends up to the chest area, but allows for 
ventilation and movement of the trunk (Zaina et al., 2014).  
The ultimate goal is to make a brace that the patient is comfortable wearing and 
that maximally reduces their curve. First, the patient’s curve is cast. One method is to cast 
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the patient with plaster or fiberglass (Zaina et al., 2014). A second method that Miller and 
Hall developed is to take x-rays and landmark measurements at specific parts of the body 
and create a template shape that provides corrective forces on the sides (Zaina et al., 
2014). Pads are added to customize the brace. Finally, scanning and computer-aided 
design and manufacturing is the most technologically advanced method used. It takes a 
digital image of the patient and incorporates x-ray and 3-D skeleton images to create a 
model for the brace (Zaina et al., 2014). Adjustments to the brace are made after the in-
brace x-ray is analyzed (Zaina et al., 2014). This allows the physician to see how the 
brace fits, the level of correction it provides, and if any pads or adjustments need to be 
made (Zaina et al., 2014). 
 
Brace compliance:  
The major issue with brace wear is compliance. Sanders et al. (2014) found that 
bracing can prevent surgery when the patient is compliant with the prescribed treatment. 
Forty-four percent of patients who were non-compliant and only wore their brace for less 
than two hours a day required surgery (Sanders et al., 2014). Conversely, of patients who 
were compliant and wore their brace for more than ten hours a day, only six percent of 
individuals required surgery (Sanders et al., 2014). Out of the one hundred individuals 
included in this study, only thirty one percent of patients were compliant with their brace 
treatment (Sanders et al., 2014). Factors that contribute to non-compliance include social 
issues, comfort, self-image, and the perceived benefit that not wearing their brace 
outweighs the potential risk for surgery (Sanders et al., 2014). Greatest compliance tends 
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to occur at the beginning when the treatment is initial prescribed and reaches its lower 
point during the summer months (Aulisa et al., 2014). Weight is also an important factor 
to consider when a patient is braced (Dimeglio and Canavese 2012). A brace will become 
less effective when a patient has an increase in weight by greater than ten percent 
(Dimeglio & Canavese, 2013). 
Weinstein et al. (2013) conducted an extensive brace effectiveness study across 
twenty-five institutions in North America. Overall, they found that an increase in brace-
wear corresponded to a decrease in curve progression and risk of surgery (Weinstein, 
Dolan, Wright, & Dobbs, 2013). Patients who wore their brace for zero to six hours a day 
successfully decreased curve progression in forty-one percent of cases whereas patients 
who wore their brace for a minimum of about thirteen hours per day had a success rate of 
ninety to ninety three percent in limiting curve progression (Weinstein et al., 2013). In 
the randomly assigned treatment groups, there was a treatment success rate of seventy 
five percent in the bracing group versus forty-eight percent in the observation group 
(Weinstein et al., 2013). Therefore, bracing seems to be prescribed in excess as twenty 
five percent of the bracing group did not benefit from treatment (Weinstein et al., 2013).  
Temperature and force monitors are a recent innovation that measure brace 
compliance. Instead of asking the patient how often they wear their brace, the monitor 
senses temperature changes on the brace to detect how often it is being worn as well as 
pressure difference to detect if it is providing enough pressure to be effective (Chalmers, 
Lou, Hill, & Zhao, 2015). This helps physicians determine future treatment directions and 
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brainstorm ideas to help improve their patient’s adherence to treatment (Zaina et al., 
2014). 
 
Spinal fusion surgery: 
The purpose of surgery is to correct the curve without causing neurologic damage 
while maintaining as much spinal range of motion as possible (Olgun & Yazici, 2013). 
There are many factors that parents, their children, and surgeons have to consider when 
deciding to operate. These include cosmetic concerns, pulmonary function, and emotional 
and physical quality of life (Danielsson, 2013). When deciding if surgery is the best 
option, it is important to think about what the patient’s life would be like without surgery. 
The most extreme case is respiratory failure if the curve progresses past one hundred 
degrees and if the vital capacity, the maximum amount of exhaled air after a maximum 
inhale, is less than forty five percent (Danielsson, 2013). The patient’s remaining growth 
is important to take into account when considering surgery, however, they do not need to 
wait until the end of puberty to undergo surgery (Dimeglio & Canavese, 2013). 
Approximately seventy-five percent of curves that measure between thirty and forty 
degrees when the patient starts puberty are treated with spinal fusion surgery (Dimeglio 
& Canavese, 2013). Regardless of age at time of surgery, spinal fusion surgery is an 
invasive and serious procedure. Proper care post surgery is crucial for a successful 
outcome. This includes limiting the child’s movement such as bending, lifting, and 
running (“Idiopathic scoliosis | Boston Children’s Hospital,” n.d.). 
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Complications are of major concern to parents of children undergoing spinal 
fusion surgery. It is estimated that there is a 15.4% non-neurologic complication rate and 
a 0.69% neurological complication rate for spinal fusion surgery (Lykissas, Crawford, & 
Jain, 2013). Neurologic complications include spinal cord injury, nerve root damage, and 
dural tears (Lykissas et al., 2013). Non-neurologic complications include pulmonary 
complications, hemorrhage, superior mesenteric artery syndrome, wound hematoma, 
pseudo arthritis, residual rid prominence, perioperative blindness, and curve progression 
(Lykissas et al., 2013). Uncommon complications of treatment include residual curve and 
back pain (“Idiopathic scoliosis | Boston Children’s Hospital,” n.d.). 
Many factors influence the risk of complications. The surgeon can either work on 
the spine by entering from the chest and abdomen (anterior spinal fusion) or from the 
back (posterior spinal fusion) (Yaman & Dalbayrak, 2014). Of the two approaches, there 
is no difference in the rate of complications (Coe et al., 2006). However, there is a two-
fold increase from around five to ten percent in the rate of complications when a 
combined anterior and posterior approach is used on the same patient (Coe et al., 2006). 
About thirty percent of patients require a blood transfusion during surgery (Yoshihara & 
Yoneoka, 2014). Respiratory complications were the most prevalent at a rate of eight 
percent for the anterior approach, five percent for the posterior approach, and nineteen 
percent for the combined anterior and posterior approach (Yoshihara & Yoneoka, 2014). 
This is because the anterior approach dissects the thoracic cavity and the posterior 
approach disrupts the musculature and can cause pain making breathing difficult 
(Yoshihara & Yoneoka, 2014). When serious curves are left untreated, complications 
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included, back pain, cosmetic disfigurement and breathing issues (Yoshihara & Yoneoka, 
2014).  
 
Coping with AIS interventions: 
AIS is generally not a life threatening condition. Nevertheless, it can have serious 
effects on the quality of life of the individual affected. Han et al. (2015) defines quality of 
life as an individual’s “health status and happiness or satisfaction with life events in the 
face of disease, accident or injury, or medical treatment” (Han, Xu, Yang, Yao, & Zhang, 
2015). As a clinician, it can be difficult to assess a patient’s state of mind and predict how 
medical interventions will affect them. In extreme cases, environmental factors and 
surgery related factors could lead to the development of mental disorders and even 
suicide (Han et al., 2015). Spinal deformity such as that seen in AIS is a risk factor for 
depression regardless of the type of intervention used to treat the deformity (Payne et al., 
1997). This is not surprising considering the physical and psychological changes that 
occur during puberty as well as the characteristics of adolescent development (Han et al., 
2015). The degree of curvature, measured clinically using the Cobb angle, is not only a 
measure of the severity of the curve but also an indication of the patient’s quality of life. 
Poor self-image and psychological distress are correlated with an increased Cobb angle 
(Han et al., 2015). It is therefore important to consider the effect an intervention such as 
bracing or corrective spinal fusion surgery will have on the quality of life and overall 
well being of a child before and after the intervention is prescribed.   
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Medical interventions can cause psychological stress and mental health should be 
considered when prescribing brace treatment or surgery (Donnelly, Dolan, Grande, & 
Weinstein, 2004). Bracing is stressful for the patient because it can cause soreness, 
difficulty breathing, finding clothes, fitting in, and exerting independence from parents, 
an important developmental stage during adolescence (Donnelly et al., 2004). Bracing 
may cause shyness or pressure related to a child’s lifestyle whereas surgery brings about 
stress related to hospitalization, potential complications, and disruption of the patients 
social life following surgery (Han et al., 2015). AIS is difficult to manage because the 
patients bare newfound responsibility over their health.  
A child’s state of mind and perceived quality of life before an intervention is 
important to consider because of the potential adverse outcomes (e.g., pain) after the 
intervention has occurred. Being able to identify these factors and mitigate any negative 
feelings should help the child after the intervention is complete. Parental separation, pain, 
and the potential loss of routine can make the surgical experience stressful for children 
and adolescent patients (LaMontagne et al., 2001). Similarly, parents’ stress surrounding 
surgery can further increase their child’s stress.  Anxious and fearful parents tend to have 
more anxious and fearful children whereas less anxious parents tend to have less 
distressed children who can cope and problem solve through changes to routine and 
difficulties after surgery (LaMontagne et al., 2001). La Montagne et al. (2001) did not 
find a direct relationship between pre-operative anxiety and post-operative pain. However 
post-operative anxiety was found to correlate with measures of post-operative pain. The 
authors suggested that patients were unable to anticipate how much post-surgical pain 
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they were going to experience and were therefore less anxious before surgery 
(LaMontagne et al., 2001). Interestingly however, pre-surgical anxiety is correlated with 
poorer quality of life two weeks after surgery (Rabbitts, Groenewald, Tai, & Palermo, 
2014).  
There is little research on the effects this pre-surgical fear and anxiety have on 
post-surgical outcomes. The child is exposed to varying social environments including 
school, extracurricular activities, friends, and home life. Generally, a child’s behavior and 
opinions is a reflection of her parents. Consequently, it is important to consider the 
relationship between a parent and child when treating for AIS (Han et al., 2015).  In 
addition, parental pain catastrophizing, a tendency to exaggerate or focus on their child’s 
pain, predicted an increased level of post-surgical pain (Rabbitts et al., 2014). Parents 
play a crucial role in preparing their child for surgery. They relay surgical information 
and are the primary source of support during the recovery phase (Rabbitts et al., 2014).  
 
Specific aims: 
This purpose of this thesis is to investigate the effects medical interventions have 
on parent and child state of mind and function. In particular, this research focuses on two 
interventions for AIS: spinal fusion surgery and bracing. Bracing is considered a less 
extreme intervention than spinal fusion surgery as it is generally prescribed when the 
curve is less progressed. It also poses fewer risks than surgery. Consequently, the overall 
experience of a child with AIS who is in a brace might be expected to be less stressful 
and less anxiety-provoking than the experience of a child who has to have major 
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orthopedic surgery on his back. Similarly, parents of a child having surgery might be 
expected to feel more protective and anxious towards their child. Finally, we will explore 
if there are differences in preoperative pain level between groups. There may not be a 
correlation between pre-operative anxiety and post-operative pain according to 
LaMontagne et al. (2001), but it would be helpful to know if there are different pain and 
anxiety levels between groups in order to help families form strong coping skills before 
surgery that may help with other difficulties after surgery. Although this is a preliminary 
study, we hope to gain knowledge on how two medical interventions differ in their 
effects on family dynamics in terms of parent and child functioning. Ultimately, we 
would like to determine if the different interventions create different levels of stress in the 
parents and child and see if this also translates to differences in child functioning and 
pain level. This could lead to future research that tests these effects further with the goal 
of pinpointing areas of change in parental behavior that are beneficial for the wellbeing of 
their child.  
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METHODS 
 
Patient recruitment: 
  Eligible patients were recruited from the Boston Children’s Hospital Orthopedics 
Department. This was done through the permission of the Internal Review Board (IRB) 
for Dr. Christine Sieberg’s protocol for the study on “Biopsychosocial predictors of the 
development of persistent postsurgical pain in youth and young adults undergoing major 
orthopedic surgery” (IRB-P00000428). Retrospective chart reviews were conducted to 
identify patients aged ten through seventeen with AIS who were recommended for brace 
treatment or spinal fusion surgery.  Patients with cognitive impairments, unable to 
understand English, and co-morbid medical conditions that caused pain greater than two 
on the Numeric Rating Scale (NRS) were excluded from the study. Flyers were sent to 
parents of eligible patients detailing the purpose of the study, the tasks they would be 
asked to complete, the compensation their would receive, as well as an opt-out form that 
they could send to us if they preferred not to be contacted again. Surgical patients were 
recruited before their pre-operative appointment.  
 The eligible patients were contacted by phone one week after the flyer was sent. 
Informed consent was verbally obtained from a parent over the phone. Written consent 
from the parents and assent from their child was obtained during their initial pre-
operative anesthesia appointment for the surgical participants and during a sensory 
testing appointment with our study for the bracing participants. Parents who verbally 
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agreed to participate in the study were sent two questionnaires via REDCap, an electronic 
data capture tool hosted at Children's Hospital Boston. The first questionnaire was for the 
parent to fill out and the second was for their child to fill out. 
 
REDCap:  
REDCap is a secure, web-based application designed to support data capture for 
research studies, providing: 1) an intuitive interface for validated data entry; 2) audit 
trails for tracking data manipulation and export procedures; 3) automated export 
procedures for seamless data downloads to common statistical packages; and 4) 
procedures for importing data from external sources (Harris et al., 2009). 
 
Overview of measures: 
  The first REDCap questionnaire for the parent to fill out included the following 
measures of interest for this study: Adult Responses to Children’s Symptoms (ARCS) 
and the Pain Catastrophizing Scale (PCS). The second REDCap questionnaire for the 
child to fill out included the Multidimensional Anxiety Scale for Children (MASC) and 
Numeric Rating Scale (NRS) pain scale. 
 
Parent Measures: 
ARCS measure parents’ responses to their child’s pain in three subscales: parent 
protectiveness, minimization of pain, and encouraging and monitoring (IRB-P00000428). 
This study used the parent protectiveness subscale. Each questions begins with: “When 
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your child has pain, how often do you …?” and is followed by statements such as “ ask 
your child what you can do to help,” or “express frustration and irritation with your 
child.” The parent responds by rating how often they do what the statement says. The 
scale ranges from “never” (0) to “always” (4). The overall score is calculated by taking 
the average score of all if the items. The higher the score, the more the parent exhibits 
protective behavior (Claar, Guite, Kaczynski, & Logan, 2010).  
PCS was used to assess the parent’s feelings towards their child’s pain. Parents 
are given a statement about their child’s pain such as, “When my child is in pain, I worry 
all the time about when the pain will end.” The parent then selects the response that best 
characterizes how they feel the majority of the time. This scale ranges from “not at all 
true” (0) to “very true” (5). Subscales include: rumination, magnification, and 
helplessness. Items are summed and higher scores indicate a higher level of catastrophic 
thinking (Goubert, Eccleston, Vervoort, Jordan, & Crombez, 2006).  
The following demographic and descriptive data was collected from the parents: 
age and sex of the child, sex of the parent filling out the questionnaire, and race and 
ethnicity of the parent and child. The child’s Cobb angle was gathered from their medical 
records. The Cobb angle of the largest curve was used if the participant had multiple 
curves.  
 
Child Measures: 
This study examined two measures on the child’s preoperative questionnaire: 
NRS for pain and the MASC. The child was asked to rate their average and worst pain on 
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a scale of 0 (no pain) to 10 (most pain possible) currently, in the past week, in the past 
month, and in the past six months according to the NRS for pain (von Baeyer et al., 
2009).  
The following image was available as a reference: 
Figure 3. Numeric rating scale for pain. (IRB-P00000428). 
 
The MASC assesses child anxiety in terms of physical symptoms, harm 
avoidance, social anxiety, and separation anxiety. Physical symptoms were characterized 
by being tense, restless, or having somatic or autonomic manifestations in the form of 
breathing difficulties, dizziness, gastrointestinal issues, and sweatiness. Harm avoidance 
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was characterized by perfectionist behavior, for example always asking for permission, 
following orders, or coping anxiously with challenges. Social anxiety was characterized 
by perceptions on being humiliated, rejected, and performing in public. This measure is 
similar to the PCS in that the child is asked to rate how they feel about a statement. For 
example to, “I feel tense or uptight,” the child chooses from “Never true about me” (0) to 
often true about me (3). Subscales include: physical symptoms, social anxiety, harm 
avoidance, and separation anxiety. Totals are weighted and calculated for each subscale, 
higher scores indicate a higher level of anxiety (March, Parker, Sullivan, Stallings, & 
Conners, 1997).   
 
Statistical analysis: 
 The data for this thesis came from a larger data set from Dr. Christine 
Sieberg’s ongoing study on the “Biopsychosocial predictors of the development of 
persistent postsurgical pain in youth and young adults undergoing major orthopedic 
surgery ” (IRB-P00000428). There are currently a total of sixty participants enrolled in 
the main study. The data set for this thesis included those participants with complete 
parent and child data for the preoperative REDCap questionnaires, with complete ARCS, 
PCS, MASC, and pain NRS measures. There were a total of thirty-five participants and 
their parents included, seventeen surgical patients and eighteen bracing patients.   
This data was analyzed by conducting a series of one-way ANOVAs looking at 
whether there were significant differences between groups. That participants were 
divided into two groups by intervention: bracing and spinal fusion surgery. One-way 
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ANOVAs were run to see if there were differences between groups for parent responses 
to ARCS and PCS measures and child responses to MASC and NRS for pain scores. 
Descriptive statistics including age of the child, sex of the child and parent, race 
and ethnicity of the child and parent, and Cobb angle were also gathered and compared 
for each group.  
All data was exported from REDCap to Excel, where it was organized and 
converted to an SPSS (Statistical Package for the Social Sciences) file. All of the analysis 
was conducted using SPSS software. The first step was to create a new variable in SPSS 
that allowed us to compare bracing and surgical data. Variables (Table 2) and syntax for 
the measures of interest were entered into SPSS. One-way ANOVAs were run on 
demographics and parent and child measures as listed in Table 2. 
 
Table 2. Variables analyzed using one-way ANOVAs. Adapted from (IRB-P00000428).   
 
Variables Data Source Scores used as 
variables 
Role is analyses 
Demographics REDCap Parent 
Questionnaire 
Age and sex of child, 
sex of parent, 
race/ethnicity of parent 
and child 
Descriptive 
Cobb Angle Medical Record Largest curve Descriptive 
Intervention Groups Medical Record Bracing versus Surgical Compared factor 
Parent and child 
measures (ARCS, 
PCS, MASC) 
Parent and Child 
REDCap 
Questionnaires 
Total scores and 
subscale scores as 
applicable for: 
• ARCS protect 
• PCS rumination 
• PCS 
magnification 
• PCS 
helplessness 
• PCS total 
• MASC physical 
Compared 
variable 
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symptoms 
tension subscale 
• MASC physical 
symptoms 
somatic 
subscale 
• MASC physical 
symptoms total 
• MASC harm 
avoidance 
perfectionism 
subscale 
• MASC harm 
avoidance 
anxiety coping 
subscale 
• MASC harm 
avoidance total 
• MASC 
separation 
anxiety  
• MASC social 
anxiety 
humiliation fear 
subscale 
• MASC social 
anxiety 
performance 
fear subscale 
• MASC social 
anxiety total 
Pain (NRS) REDCap Child 
Questionnaire 
• Current pain 
• Average pain in 
past week 
• Worst pain in 
past week 
• Average pain in 
past month 
• Average pain in 
past six months 
• Worst pain in 
past six months 
Compared 
variable 
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RESULTS 
 
Table 3. Demographic data. 
 
Group 
Demographic Bracing Surgical 
Average Age of Participants 12.7 +/- 1.5 years 14.3 +/- 1.9 years 
Number of Females 18 15 
Number of Males 0 2 
Average Cobb Angle 26.5 +/- 10.1 degrees 54.3 +/- 7.9 degrees 
 
Differences between bracing and surgical groups for demographic data: 
This study analyzed the data for 35 participants and their parents. There were 18 
participants in the bracing group and 17 participants in the surgical group. The average 
age of the bracing group was 12.7 +/- 1.5 years. The average age of the surgical group 
was 14.3 +/- 1.9 years (Table 3). There was a statistically significant difference in age 
between the bracing and surgical groups (p=0.009; p<0.5). The average Cobb angle of 
the bracing group was 26.5 +/- 10.1 degrees. The average Cobb angle of the surgical 
group was 54.3 +/- 7.9 degrees. There was also a statistically significant different in Cobb 
angle between the bracing and surgical groups (p=0.000; p<0.05). There was a 
statistically significant difference between groups for the sex of the child (p=0.008; 
p<0.05). There was no statistical significant between groups for child race and ethnicity, 
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parent race and ethnicity, and parent sex (p>0.05). The surgical group was older, had 
larger Cobb angles, and included more females than the bracing group.   
 
Differences between bracing and surgical groups for parent and child measures: 
There was no statistically significant difference between groups for any of the 
NRS pain and MASC subscales (p>0.05). There was also no statistically significant 
difference between group for the ARCS protect and PCS rumination subscale (p>0.05). 
However, there was a statistically significant difference between groups for the PCS 
magnification subscale (p=0.014; p<0.05). There was also a strong trend towards 
significance for the PCS helplessness subscale (p=0.076) and the total PCS score 
(p=0.054). The surgical group scored significantly higher on all of these measures.   
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DISCUSSION 
 
Demographics: 
The results form this study should be considered preliminary due to a small 
sample size of thirty-five participants, eighteen in the bracing group and seventeen in the 
surgical group. Our results show that the there was no significant difference between the 
sex of the parent filling out the questionnaire in both groups. A female caregiver or parent 
filled out the questionnaire for most of the participants, which limits variability in 
responses due to gender differences. There was also no significant difference in race or 
ethnicity for either the parent or the child between groups. There is the highest incidence 
of scoliosis in the female Caucasian population, which was the most represented 
demographic in our study population (Goldberg, Mayo, Poitras, Scott, & Hanley, 1994). 
We found a significant difference in gender between groups. This was most likely due to 
the small sample size. The bracing group did not include any males and the surgical 
group included two males.  
There was also a statistically significant difference in the age of the child between 
groups as well as the child’s Cobb angle. The average age of the bracing group was 12.7 
+/- 1.5 years and the average age of the surgical group was 14.3 +/- 1.9 years. The 
average Cobb angles were 26.5 +/- 10.1 degrees years and 54.3 +/- 7.9 degrees, 
respectively. This is expected since AIS is a progressive condition, where the Cobb angle 
may increase with age if bracing is not effective. Furthermore, spinal fusion surgery is 
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indicated when the Cobb angle is greater than forty degrees and at risk of progressing 
further (Yang et al., 2014). Although the average age of surgery tends to be older, 
surgeons may consider performing surgery earlier if the patient’s curve pattern warrants it 
(Yang et al., 2014). For example, if the curve is at forty degrees and progresses another 
ten degrees before surgery, or if it progresses to double or triple curves, more fusion 
levels may be needed to correct the curve, whereas fewer fusion levels would have been 
needed if the surgery was done earlier (Yang et al., 2014).  
 
Pre-operative pain: 
There was no statistically significant difference between groups on the NRS for 
pain. There are few studies that investigate pre-operative pain levels in progressive AIS, 
however, mild to severe back pain is not uncommon (Parent, Hill, Mahood, Moreau, 
Raso, & Lou, 2009). Although our study did not find a difference in the pain scores, 
others have. Parent et al. (2009) found that pain scores were lower for braced patients that 
pre-surgical patients. This correlated to Cobb angle. Patients with Cobb angles greater 
than fifty degrees had worse pain scores than patients with curves less than thirty degrees 
(Parent et al., 2009). The significance of their results could be attributed to a larger 
sample size as well as the different measure used. While our study used the NRS for pain 
and asked for average and worst current pain, pain in the past month, and pain in the past 
six months, Parent’s study used the Scoliosis Research Society-22 Questionnaire (SRS-
22). The SRS-22 assesses function, pain, mental health, satisfaction with treatment, and 
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self-image. Both are valid measures used to assess pain, therefore it would be interesting 
to administer both measures to the same population and compare the results for pain. 
 Three quarters of patients who undergo spinal fusion surgery report pre-operative 
pain of varying intensity while surgeons report only forty-four percent of their patients 
having pre-operative pain (Landman, Oswald, Sanders, Diab, & Spinal Deformity Study 
Group, 2011). Although there is a clear disconnect between patients and surgeons 
reporting of pain, spinal fusion surgery reduces pre-surgical pain down to a rate of sixty –
five percent of patients from seventy-five percent of patients (Landman et al., 2011). Pre-
operative pain is also predictive of post surgical pain (Sieberg et al., 2013). Pre-operative 
pain is correlated with older age at surgery, larger Body Mass Index (BMI), and a high 
score on the Spinal Appearance Questionnaire (SAQ), indicating that a greater perception 
of deformity is indicative of a poorer pain outcome after surgery (Landman et al., 2011).     
 There does not seem to be a relationship between surgical factors or scoliosis 
factors such as the location or severity of the curve that affect pain outcomes after 
surgery (Sieberg et al., 2013). Therefore, other factors likely contribute to post-surgical 
pain (Sieberg et al., 2013). If pre-surgical pain is indicative to post-surgical pain, it is 
important to determine what factors besides Cobb angle contribute to this pain. This 
study is preliminary and does not investigate these links. However, a first important step 
is to determine what factors, if any, make the surgical group unique. Age, Cobb angle, 
and potentially sex differentiate the two groups. These factors have been accounted for in 
the literature as predictors of post-surgical pain. Sieberg et al. (2013) suggests that 
younger age may be a protective factor and Parent et al. (2009) correlate a larger Cobb 
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angle with increased pain. These factors are inherent of the patient and cannot be 
changed. Conversely, there is limited research that focuses on psychological and 
environmental factors that could contribute to pre-surgical pain and post-surgical pain in 
AIS patients. The second part of this study focused on determining if there were 
differences between a bracing group and surgical group in parental factors and child 
anxiety. These are pertinent areas to investigate because they can be altered to potentially 
improve outcomes for surgical patients.  
 
Child anxiety (MASC): 
There is limited research on the sources of anxiety in children and adolescent with 
idiopathic scoliosis. There are even fewer studies on the effects different interventions 
have on mental health. Each family is different and copes differently with stress. 
However, there seems to be elevated stress when a child is initially introduced to brace 
treatment (Donnelly et al., 2004). Arguments over brace wear, feeling self-conscious at 
school, and new limitations due to the brace may lead to an increase in stress and anxiety 
(Donnelly et al., 2004). However, there are also mixed reviews on the effects of bracing 
on quality of life and stress in patients with AIS. There is evidence that there no 
difference exists compared to healthy norms (Ugwonali et al., 2004), while other attribute 
poor brace compliance to poorer quality of life measure (Rivett, Rothberg, Stewart, & 
Berkowitz, 2009). This debate indicates that the psychological impact of AIS warrants 
future research so that appropriate interventions can be implemented.  
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There is a link between an increase in state anxiety and an increase in post-
operative pain (Lamontagne, Hepworth, & Salisbury, 2001) . LaMontagne et al. (2001) 
found that parental anxiety decreased from pre-surgery to post-surgery. They also found 
that parent and child preoperative anxiety levels were significantly correlated 
(Lamontagne et al., 2001). In future studies, it would be interesting to see if this was the 
case in our group of surgical patients. The current study look at the difference in parental 
and child factors between bracing and surgical interventions but did not look at to see if 
there were links between child and parent factors within each group. 
We found that there were no differences between anxiety scores for bracing and 
pre-surgical patients based on the MASC assessment. Again, this could be due to small 
sample size. Alternatively, bracing families go through similar experiences as pre-
surgical families because the pre-surgical children are often also wearing a brace. This 
could explain why there were no significant differences between bracing and surgical 
groups for the MASC, ACS protect, and PCS rumination measures. We may see more of 
a difference if we compare bracing patients to post-surgical patients. Post-surgical 
patients have a much different experience than bracing patients because they have to deal 
with the recovery phase. 
 
Parent protectiveness (ARCS-protect): 
 In general, high scores on the ARCS protect measure and increased protective 
behavior towards children are correlated with more pain complaints and disability in 
children with chronic pain, as well as a longer recovery time in patients who undergo 
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surgery (Walker, Levy, & Whitehead, 2006). There was no statistically significant 
difference between bracing and surgical groups for the ARCS protect subscale measure. 
We hypothesized that due to the prospect of major orthopedic surgery, parents of children 
undergoing spinal fusion surgery would engage in more protective responses towards 
their child when they are in pain. If the child was not in pain, parents were asked to think 
of a time when their child was in pain and answer the questionnaire accordingly. This 
may not have accurately depicted the parent’s recall of their behavior when their child is 
in pain because they answered based on a hypothetical situation.  
 
Parent pain catastrophizing (PCS): 
 Although there was no significant difference for the rumination subscale of PCS, 
there was a significant difference for the magnification subscale and a significant trend 
for the helplessness subscale and total PCS measure. Pain catastrophizing refers to how 
much a parent expresses their pain-related distress by increased assistance and empathetic 
responses towards their children (Welkom, Hwang, & Guite, 2013). It is characterized by 
a parent’s tendency to overestimate a pain-related threats as well as the amount of pain 
their child is in (Vervoort et al., 2011). When a parent ruminates over their child’s pain, 
they are constantly thinking about how much pain their child is feeling. Pain 
magnification is an overestimation of the pain or thinking about other painful experiences 
their child may be experiencing and how it could become worse. The parent may also feel 
like there is nothing they can do to stop their child’s pain, which characterizes the 
helplessness subscale (Vervoort et al., 2011).  
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 Studies have found that parents typically overestimate a number of factors related 
to their child’s experience with AIS. In terms of brace related stress, parents magnify 
their child’s emotional distress related to body deformity (Misterska, Glowacki, & 
Latuszewska, 2012). The greatest concerns for parents of patients who are undergoing 
spinal fusion surgery is risk of neurological deficit and post-operative pain (Bridwell et 
al., 2000). In addition, they witness their child’s frustration and pain post surgery, unable 
to do much to help (Salisbury, LaMontagne, Hepworth, & Cohen, 2007). This can bring 
about feelings of helplessness and stress, which can further aggravate their child’s 
distress and pain (Salisbury et al., 2007). In particular, a common parental response to 
their child’s pain is to try to compensate and protect them from experiencing any 
additional pain or distress. However, they may be unaware that their child is actually 
learning and modeling their own coping behavior off of their parents behavior towards 
them (Sieberg, Williams, & Simons, 2011). 
Salisbury et al. (2007) identified that the five main preoperative stressors for 
parents are parental role loss, the possibility of a poor surgical outcome, complications 
during the recovery phase, post-operative pain, and accepting reality. In terms of our 
study, there was a trend towards a significant difference in parental helplessness between 
the surgical and bracing group, wherein the parent’s in the surgical group felt more 
helpless. The PCS measure focuses on helplessness in terms of coping with their child’s 
pain. Sieberg et al. (2011) found that parent protectiveness partially mediated the 
relationship between parent catastrophizing and child functional disability and fully 
mediated the relationship between parent helplessness and child functional disability. 
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This means that parent protectiveness towards their child’s pain may be an outcome of 
parental distress that contributes to child functional disability. In light of our current 
study, if parents of surgical patients are catastrophizing their child’s pain and feeling 
helpless, they may be unknowingly contributing to their child’s functional disability post 
surgery.  
Pain catastrophizing, and in particular pain magnification, is a maladaptive coping 
strategy that can make pain worse (Welkom et al., 2013). Pain magnification by parents 
can also contribute to an increased sense of fear towards pain and medical procedures 
(Vervoort et al., 2011). Alternatively, adaptive coping strategies include focusing on the 
positive outcomes of surgery, such as reduced pain, improved physical appearance and 
function, seeking social support, and thoughtful problem solving (Salisbury et al., 2007). 
Overall, the best coping mechanisms include being positive and proactive about seeking 
help and advice. There is also evidence that acceptance of pain instead of avoiding or 
controlling it can improve function in individuals with chronic pain (Simons, Sieberg, & 
Kaczynski, 2011). Parents express a desire for more information of what to expect after 
surgery in order to diminish their pre-surgical anxiety. They also want more information 
so that they are better equipped to handle the emotional stress their child will experience 
throughout the surgical process (Salisbury et al., 2007). By identifying high levels of 
parent and patient pre-surgical distress and providing parents with adequate coping skills, 
medical staff could help prevent post-surgical pain and emotional distress in children 
undergoing spinal fusion surgery. This could also lead to the development of better 
coping skills in the children and a smoother recovery time (Salisbury et al., 2007).   
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Limitations: 
The major limitation of this study is a small sample size. A lager sample size 
would increase the statistical power of the study and validity of the results. As such this 
thesis represents preliminary research and can be used as a basis for further investigation. 
The sample population consisted mainly of female participants and female caregivers or 
parents. Although this helps limit variability and confounding factors, it decreases the 
ability to generalize these results to the entire AIS population. Alternate studies could 
include equal male and female participants as well as equal male and female parent 
participants. Similarly, increasing the ethnic and racial diversity of the study group would 
make the results more applicable to the general population.  
Although a total of thirty-five participants completed the study and appropriate 
measures on REDCap, some participants skipped one or two questions in some of their 
responses. This could have been due to a simple error in filling out the questionnaires or 
the participant may have felt that they were unable to answer the question because it did 
not apply to them. In the future, it would be helpful to determine why these questions 
were skipped to prevent it from happening again.  
Finally, the age and the Cobb angle between groups were significantly different. 
Both of these factors have been documented to influence pain responses. This could have 
affected the NRS of pain portion of our study. It could also have affected the other 
measures investigated, in particular the MASC measure. It would be ideal to control for 
age and Cobb angle in future studies. However, these demographics are representative of 
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the actual AIS population. Patients tend to have surgery at an older age and at a Cobb 
angle of at least forty. 
 
Future directions: 
 A first future direction would be to replicate this study with a larder sample size. 
This would increase the statistical power of the study and may unveil findings that a 
smaller sample size could not. It would also be interesting to compare pre-surgical 
patients to post-surgical patients on the same measures. These two groups would have a 
common intervention experience for AIS and the same patient could be compared before 
and after surgery. It would be interesting to see if any of the parent responses are 
significantly different after surgery and assess these results in relation to their child’s 
responses. From here investigators could ask post-surgical patients and their parents if 
there is anything that they would have changed pre-surgically that could have improved 
their outcome. This is one of the goals of Dr. Christine Sieberg’s main study.   
 It would also be worthwhile to compare bracing patients to post-surgical patients 
as the literature suggests that there is a significant difference between pre-surgical and 
post-surgical anxiety scores (Lamontagne et al., 2001). Instead of using pre-surgical 
patients as the control group you could use bracing patients to identify potential 
differences between two interventions. Our study looked at the difference between 
bracing and pre-surgical patients and, as stated earlier, the prospect of surgery may not 
actually be more anxiety provoking brace treatment or actually having surgery.       
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Conclusions:        
The purpose of this study was to assess whether there were significant differences 
between pre-surgical and bracing patients in pre-operative pain, pre-operative anxiety, 
parent pain catastrophizing, and parent protectiveness over child’s pain symptoms. The 
study included thirty-five participants and their parents, seventeen pre-surgical 
participants and eighteen bracing participants. One-way ANOVAs were used to calculate 
the statistical significance of the differences between the two groups. The group 
demographics were representative of the typical AIS population. Significant differences 
of age, Cobb angle, and sex were determined between groups and represent potential 
confounding factors.  
Potential differences in parent and child measures were assessed to investigate 
parent and child functioning in the context of two medical interventions used to treat AIS. 
Bracing treatment and spinal fusion surgery were chosen with the intent to determine if 
the severity of an intervention has adverse effects on parent and child functioning. The 
measures used included Adult Responses to Children’s Symptoms (ARCS) and the Pain 
Catastrophizing Scale (PCS) in the parent questionnaire and the Multidimensional 
Anxiety Scale for Children (MASC) and Numeric Rating Scale (NRS) pain scale in the 
child questionnaire.  
The ARCS protect subscale assessed the parent’s level of protective behavior 
towards their child when they are in pain. The PCS assessed parents’ feelings about their 
child’s pain, in particular it measured the extent to which they magnify their child’s pain, 
whether they feel helpless when their child is in pain, and the extent to which they 
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ruminate over their child being in pain. The MASC measured the child’s level of anxiety 
in by assessing physical and social manifestations of anxiety. The NRS for pain assessed 
the child’s level of pain at different points in time.  
There was a significant difference between groups for PCS magnification and a 
trend towards significance for PCS helplessness and the total PCS score. Other measure 
differences were statistically insignificant. It is important to consider these results in a 
preliminary context due to the small sample size. Nonetheless, the results suggest that 
pre-surgical patients and their families are affected differently by the additional stressors 
and life-altering factors that come with spinal fusion surgery. There seems to be greater 
emphasis placed on their child’s pain as well as a sense of helplessness. Both factors may 
have adverse effects on their child’s ability to cope with the stress of surgery, which may 
also translate into a more difficult recovery period.  
The good news is parents can learn to alter their behavior and manage their stress 
in a way that will benefit them and their child. Adaptive coping techniques adopted by 
parents will get passed along to their child and translate into positive post-surgical 
outcomes.           
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